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Claim 

A method for manufacturing thick soy sauce characterized by the fact that when the soy 
sauce seed yeast is manufactured, cells of a strain of Aerobacter, and able to produce 
high- viscosity polysaccharides, or their culture, are inoculated and cultured beforehand, at the 
same time, or before or after inoculation of the soy sauce yeast cells, or they are mixed with the 
seed yeast prepared using the conventional method for use, or they are inoculated during the 
conventional manufacturing process of the soy sauce yeast, followed by yeast formation, 
loading, and ripening. 
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Detailed explanation of the invention 

This invention pertains to a method for manufacturing thick soy sauce. The purpose of 
this invention is to provide a method for manufacturing thick soy sauce by means of cells of a 
strain of Aerobacter, and able to produce high-viscosity polysaccharides, or the culture of said 
cells, with the manufactured thick soy sauce having excellent viscosity, flavor and dispersibility. 

In the prior art, thick soy sauce is manufactured by adding C.M.C., gelatin, gum arabic, 
glycerin, soluble starch or other commercially available thickener (see: Chomi Kagaku, Vol. 18, 
No. 2, pp. 35-42, 1971), or refined pectin agent (see: Japanese Kokoku Patent No. 
Sho 38[1963]-9941), etc. directly into the commercially available soy sauce. 

However, when the aforementioned thickener is simply added into soy sauce, although 
viscosity can be increased by a certain degree, the dispersibility, flavor and taste of the soy sauce 
itself become degraded. 

In order to solve the aforementioned problem, the present inventors have performed 
extensive tests and research. As a result, a high-viscosity substance, which is a strain of 
Aerobacter, and has excellent properties, was manufactured by separation from stagnant water 
taken from a well; with said strain used as the medium for culturing the feed material for 
manufacturing soy sauce in a conventional method, a type of yeast for soy sauce with excellent 
properties was manufactured, and a significant amount of said high-viscosity substance was 
formed during manufacturing of the soy sauce yeast; and, it was found that when said strain is 
used in manufacturing, a type of soy sauce with excellent viscosity, flavor, dispersibility, etc. can 
be obtained. Based on these findings, this invention was reached. 

That is, this invention provides a method for manufacturing thick soy sauce characterized 12 
by the fact that when the seed yeast for soy sauce is manufactured, cells of a strain of Aerobacter 
and able to produce high-viscosity polysaccharides, or their culture, are inoculated and cultured 
beforehand, at the same time, or before or after inoculation of the soy sauce yeast cells, or they 
are mixed with the seed yeast prepared using the conventional method for use, or they are 
inoculated during the conventional manufacturing process of the soy sauce yeast, followed by 
yeast formation, loading, and ripening. 

The thick soy sauce manufactured using the method of this invention has excellent 
fragrance, good dispersibility and high viscosity with a specific viscosity in the range of about 
5-200. 

In the following, the microbes used in this invention will be explained in more detail. 

Aerobacter cloacae N414-M, a strain of microbes used in the method of this invention, is 
deposited in the Microorganism Industrial Technical Research Institute of the Agency of 
Industrial Science and Technology, with deposition number of FERM-P No. 1779. In the 
following, we will present first a detailed explanation on the microbial properties of the strain. 



[I] Form 

1. Shape and size of the cells 
Short bacillus, 1.0 |xm, 1.5-2.0 (xm 

2. Polymorphism Yes/No: No 

3. Mobility Yes/No: Yes (the cell has one or two flagella). 

4. Spores Yes/No: No 

5. Gram staining: Negative 

6. Capsule staining: Observed 

[II] State of growth in various culture media 

1 . Culturing on flat broth agar plate (observation after culturing at 30°C for 24 h) 
Bump-shaped circular growth spots, diameter of 2-5 mm, are observed. 
Surface is smooth, glossy, and opaque. 

Peripheral edge is circular. 

2. Culturing on broth agar slant 

Linear medium growth is displayed. Color is light yellowish-brown. It is glossy and 
opaque. In particular, there is no odor, and there is no change in the color of the medium. 

3. Culturing in broth liquid 

Intermediate growth is displayed. Little brittle rings are formed. There is a significant 
amount of precipitation, and it is sticky. 

4. Culturing by piercing through broth gelatin 

The upper portion has the best growth, and a very weak liquidity is displayed. The 
liquefied portion has volcano shape. 

5. Litmus milk 

Acid is formed, and is coagulated. There is no peptone formation. 

6. Culturing on flat gelatin plate 

Spotty growth is displayed with liquefying. The colonies display light yellowish color. 

7. Culturing on potato agar. 

Intermediate growth is displayed. Color is light yellowish-white with gloss. It is smooth 
and no dye is formed. 

[III] Physiological properties 

1 . Reduction of nitrate: + 

2. MR test: - 

3. VP test: + 

4. Formation of indole: - 
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5. Formation of hydrogen sulfide (on T.S.I. medium): - 

6. Hydrolysis of starch: - (2-day culturing) 

7. Simmons' citrate medium: Decomposition 

8. Decomposition property of NH4H2PO4: It can be used as a single nitrogen source. 

9. Formation of dye: - 

10. Urease (Christensen's method): - 

1 1 . Oxidase (Kobaku's method): - 

12. Catalase: + 

13. Range allowing growth: pH 4.0-9.0, temperature 5-42°C 

14. Optimum range for growth: pH 6.0-7.0, temperature 30-37°C 

15. Property with respect to oxygen: Facultative aerobic 

16. O-F test (Foo & Riverson [transliteration] medium) 
Glucose: Acid and gas are formed 

Sucrose: Acid and gas are formed 
Lactose: Acid alone is formed 

17. McConkey medium: Formation of light reddish-violet colonies 

18. Formation of ammonia: + 

19. Mannitol agar medium: No growth 

20. Gas composition (glucose medium): C02:H 2 =3:1 

[IV] Ability to use carbon resources (still culture for 14 days at 30°C) 
1 . Fermentation of saccharides 

The fermentation test method proposed by G. B. Robbins, et al. (J. Bact., 39, 399, 1940) 
was adopted. 
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Key: A Acid formation 
B Gas formation 

(1) L-arabinose 

(2) D-xylose 

(3) D-glucose 

(4) D-mannose 

(5) D-fructose 

(6) D-galactose 

(7) Maltose 

(8) Sucrose 

(9) Lactose 

(10) Trehalose 

(11) D-sorbitol 

(12) D-mannitol 

(13) Inositol 

(14) Glycerol 

(15) Starch 

(16) Rhamnose 

(17) Melibiose 

(18) Cellobiose 

(19) Raffinose 

(20) Melezitose 

(21) Inulin 

(22) Dextrin 

(23) Glycogen 

(24) Adonitole 
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(25) Dulcitol 

(26) Salicin 

(27) Aesculin 

(28) ot-methyl gokukoside [sic; glucoside] 

2. Decomposition properties of organic acids and carbon compounds 

The test was performed on a medium composed of 0.1% of NH4NO3, 0.1% of KH2PO4, 
0.5% of MgS0 4 *7H 2 0, and 0.2% of carbon source. 




Key: 1 Carbon compound 

2 Decomposition property 

3 Phenol 

4 Gluconic acid 

5 Malic acid 

6 Lactic acid 

7 Formic acid 

8 Acetic acid 

9 Pyruvic acid 

10 Succinic acid 

11 Catechol 

12 Ethanol 

1 3 Paraoxybenzoic acid 



[V] Other physiological properties 

1. Resistance to table salt: Growth can take place at 5-10% (V/V) 

2. Formation of 2,3-butanediol: It is formed significantly. 

3. Glucose/asparagin medium: Growth takes place. 

4. Lipase: - 

5. Coagulase: - 
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6. Lecithinase: ± 

7. Mtiller's decarboxylase test: 

Ornithine: ± 
Lysine: - 
Arginine: + 

8. Glutamic decarboxylase: Not formed. 

9. Methylene blue: The dye is reduced. 

10. Casein: Not liquefied. 

1 1. Decomposition property of uric acid: + 

12. Decomposition property of horse uric acid: - 

13. Edickman [transliteration] test: - 

14. Sonley [transliteration] arginine test: + 

15. Decomposition property of malonic acid: - 

16. Phenylalanine dehydrogenase: - 

17. Decomposition property of 5% lactic acid: + 

18. Decomposition property of alginic acid: - 

19. Protopectinase: - 

The classification of this strain having the above-listed bacteriological properties is 
judged by comparison with Bergey's Manual of Determinative Bacteriology (7 th edition). In 
consideration of the fact that this strain is a gram-negative short bacillus having flagella, that it is 
an aerobic microbe and can form acid and gas from glucose, that it does not form protopectinase, 
and it displays a negative M.R. test and a positive V.P. test, and that it can ferment lactose in an 
anaerobic way, it is judged that this strain belongs to the genus Aerobacter. 

In addition, in consideration of the fact that this strain does not form gas from glycerin 
and that it can weakly liquefy gelatin, it is judged to be Aerobacter cloacae. In consideration of 
the fact that a capsule is formed, that the colony of the gelatin medium displays a light yellow 
color, that no gas is formed from litmus milk and peptone is not formed, that the gas formed 
from lactose is in trace amount, that acid [and] gas are formed from aesculin, and that acid is 
formed from starch, it is identified as a new strain of Aerobacter cloacae, and this strain is 
named as Aerobacter cloacae N414-M. 

The strain used in this invention is Aerobacter cloacae N414-M as FERM-P No. 1779. 
However, the species is not limited to this one strain. Any strain that belongs to the Aerobacter I A 
genus and can generate high-viscosity polysaccharides may be used, not just limited to the 
natural strains. 

When the aforementioned strain is used in the method of this invention, the cells of the 
strain may be used as they are. However, it is also possible to make use of the culture obtained 
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by inoculating the strain on conventional microbial culture medium, followed by liquid culturing. 
This strain does not hamper reproduction of conventional soy sauce yeast cells in the feed 
material for manufacturing soy sauce. Instead, it coexists well with the yeast cells. 

In the following, the method for adding the cells of this strain or their culture will be 
explained specifically. 

First of all, when the cells of this strain or their culture are used as the seed microbe for 
soy sauce, cells of a strain of Aerobacter and able to produce high- viscosity polysaccharides or 
their culture are inoculated and cultured in conventional soy sauce yeast culture made of bran, 
wheat, degreased soybeans, etc., beforehand, at the same time, or before or after inoculation of 
the soy sauce yeast cells, or they are mixed with the seed yeast prepared using the conventional 
method for use, followed by adding the mixture into the feed material for manufacturing the soy 
sauce. 

In this case, corresponding to the viscosity of the desired soy sauce product, the cells of 
this strain or their culture are added in an appropriate amount. The amount of the strain added 
into 1 g (dry weight) of the feed material for manufacturing the soy sauce should be in the range 
of 1 0 2 - 1 0 7 cells, or preferably in the range of 1 0 3 - 1 0 9 cells. 

When the cells of this strain or their culture are added during the conventional soy sauce 
yeast formation period, they are added during the period from inoculation of the seed yeast in the 
feed material for manufacturing the soy sauce to loading of the soy sauce yeast in the yeast 
formation chamber. It is particularly preferred that they be added and mixed within 20 h after 
loading of the soy sauce yeast. 

When the cells of this strain or their culture are added into the soy sauce yeast, it is 
preferred that the adding time be as near the loading time as possible. For example, when they 
are added at the time of loading, the amount is in the range of 10 3 -10 7 cells for 1 g of the total 
weight of the feed material for manufacturing the soy sauce; when they are added at 20 h after 
loading, the amount becomes 10 5 -10 9 cells. Also, when they are added near output of the yeast, 
the amount of cells of the strain or their culture is increased significantly, and this is undesired 
from the economic viewpoint. 

Also, the amount of conventional soy sauce seed yeast used in this invention should be in 
the range of 1/100 ~ 1/5000 with respect to the total weight of feed material for manufacturing 
the soy sauce. 

Among the aforementioned feed material for manufacturing soy sauce, the protein feed 
material may be prepared as follows: Using the conventional method, after spraying water to 
degreased soybeans, peeled soybeans, gluten, or the like to a water content of 50-70% (W/W), or 
after adding water into the protein raw material to a water content of 30-70% (w/w) if necessary, 
they are heated under pressure by means of saturated steam at 1.8-7 kg/cm 2 (gauge pressure) and 
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130-170°C for 15 sec - 10 min. Then, they are quickly released to the atmosphere. On the other 
hand, the starch feed material may be prepared by frying wheat, barley, or the like, followed by 
crushing. 

In the method for manufacturing yeast in this invention, the yeast is manufactured using 
the conventional method at 20-40°C for 3-4 days before taking out the yeast. 

In the following, the mechanism for forming the thick substance by means of this strain 
will be explained. Due to the enzyme actions of protease, amylase, etc. formed during the 
reproduction process of the soy sauce yeast microbes on the polymer protein and starch present 
in the feed material for manufacturing soy sauce, various low molecular weight amino acids, 
glucose, etc. are formed. They are used as a culture medium, in which the cells of this strain are 
reproduced and the aforementioned thick substance is formed and accumulated in the soy sauce 
yeast in a significant amount. 

In the following, an experimental example will be presented to explain the state of 
formation and accumulation of the thick substance during the yeast formation process. 

Experimental example 

30 g of degreased soybeans and 38 mL of tap water were loaded in a 500 cc Fernbach 
flask. After boiling and steaming in an autoclave at 1 kg/cm 2 (gauge pressure) for 45 min for 
pasteurization, it was left to cool. Then, 30 g of baked and crushed wheat were added, and the 
mixture was loaded in a 150 cc Erlenmeyer flask and heated at 135°C for 4 h for hot air 
pasteurization, followed by natural cooling. Then, 2xl0 6 cells of Aerobacter cloacae N414-M 
(FERM-P No. 1779) were added, together with 1x10 s spores of Aspergillus sojae IAM 2669, a 
conventional yeast microbe for soy sauce. The mixture was blended and yeast was manufactured 15 
at 30°C using the conventional method. (Test) 

On the other hand, yeast was also prepared in the same way as above, except that 
Aerobacter cloacae N414-M (FERM-P No. 1779) was not added. (Control) 

Viscosity was measured as follows. At times of 0, 24, 40, 64, and 88 h from the start of 
yeast formation, 50 g of the yeast were collected as a sample. After adding 200 mL of distilled 
water to the yeast sample, the sample was crushed by a homogenizer (product of Nippon Seiki 
K.K.), followed by filtering with filter paper. The specific viscosity of the filtrate was measured 
using an Ostwald viscometer at 20°C. 

The method for measuring specific viscosity (r|) is described in " Jikken nogi kagaku" 
[Experimental farm chemistry], upper volume, p. 334, published in 1960 by Asakura Boostore. 

The results of the this experimental example are shown in Figure 1. 

It can be seen from Figure 1 that for yeast manufactured using both Aerobacter cloacae 
N414-M (FERM-P No. 1779) and the conventional yeast microbe for soy sauce (Test), specific 
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viscosity rises gradually after starting the yeast formation process. After about 24 h, due to 
formation of the viscous substance, specific viscosity rises to reach a peak in 60-70 h. Then, 
specific viscosity decreases slowly. 

On the other hand, for the control sample, specific viscosity rises slowly over the yeast 
formation time, yet the increase is small. 

Then, an appropriate amount of saline was added into the obtained yeast, followed by 
loading, ripening, pressing/squeezing, and finishing using the conventional method to form a 
highly thick soy sauce that has excellent dispersibility. 

In the following, this invention will be explained in detail with reference to application 
examples. 

Application Example 1 

40 g of bran and 30 mL of tap water were loaded in a 500 cc Fernbach flask. After 
boiling and steaming in an autoclave at 1 kg/cm 2 (gauge pressure) for 60 min for pasteurization, 
it was left to cool to 40°C. Then, 7xl0 5 cells of Aerobacter cloacae N414-M (FERM-P No. 
1779) were added, together with 1x10 s spores of Aspergillus sojae IAM 2669, a type of yeast 
microbe for soy sauce, followed by sterile culturing at 30°C for 60 h to form a seed yeast. 

Then, 3.3 kg of degreased soybeans were loaded in the autoclave, and 4.3 L of tap water 
were added. After water was absorbed by the soybeans, boiling and steaming under pressure of 
1 kg/cm 2 (gauge pressure) for 45 min was performed. When the obtained boiled and steamed 
product was cooled to 40°C, 10 g of said seed yeast were added, and then 3.1 kg of baked and 
crushed wheat were added. The mixture was blended and loaded in a yeast container to 
manufacture yeast at 28-35°C for 65 h. 

During the yeast formation process, the mixture was stirred at 16 h and then at 22 h after 
loading, respectively. 

Then, 12 L of 23% saline were added into the obtained yeast, followed by loading into a 
20 L pot and ripening for 6 months at 25-30°C. Then, the conventional method was adopted for 
pressing/squeezing and finishing to form a highly thick and fragrant soy sauce. 

On the other hand, as a control, soy sauce was manufactured in the same way as above, 
except that Aerobacter cloacae N414-M (FERM-P No. 1779) was not used at all. 

Analysis results for the aforementioned soy sauce samples are listed in Table 1. 
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Table 1 
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Key: 1 



2 
3 
4 
5 
6 
7 



Control 
Test 



Specific viscosity 
Total nitrogen 
Formol nitrogen 
Ammonia nitrogen 
Reducing sugar 



8 Alcohol 

The method for measuring specific viscosity is described in " Jikken nogi kagaku" 
[Experimental farm chemistry], upper volume, p. 334, published in 1960 by Asakura Boostore. 

The other items for analysis of the soy sauce were measured using the methods described 
in I. Umeda: "Shoyu" [Soy sauce], published in 1961 by Sankyo Shuppan K.K. 

Application Example 2 

After 140% of water was sprayed to degreased soybeans, the soybeans were heated by 
saturated steam under pressure of 6.0 kg/cm 2 (gauge pressure) for 30 sec, followed by rapid 
exhaust. 8.0 kg of the obtained boiled and steamed degreased soybeans were used in the 
manufacturing. 20 mL of physiological saline containing 5xl0 9 Aerobacter cloacae N414-M 
(FERM-P No. 1779) cells were added. At the same time, 10 g of Aspergillus sojae LAM 2669 16 
spores and 3.1 kg of baked and crushed wheat were added. The mixture was loaded in a yeast 
formation chamber to manufacture yeast at 28-35°C for 65 h. 

12 L of 23% saline were added into the obtained yeast, and the mixture was loaded in a 
20 L pot, followed by ripening for 6 months at 25-30°C. Then, the conventional method was 
adopted for pressing/squeezing and finishing to form a thick soy sauce. 

On the other hand, as a control, soy sauce was manufactured in the same way as above, 
except that Aerobacter cloacae N414-M (FERM-P No. 1779) was not used at all. 

Analysis results for the aforementioned soy sauce samples are listed in Table 2. 
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Table 2 
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Key: 1 Control 

2 Test 

3 Specific viscosity 

4 Total nitrogen 

5 Formol nitrogen 

6 Ammonia nitrogen 

7 Reducing sugar 

8 Alcohol 



A pplication Example 3 

430 mL of tap water were added to 330 g of degreased soybeans and the water was 
absorbed by the soybeans. Then, the soybeans were boiled and steamed under pressure of 
1 kg/cm 2 (gauge pressure) for 45 min, and left to cool to 40°C. Then, the obtained substance was 
inoculated with 1 mL of a culture solution of 5 x 10 8 /mL of bacteria prepared by culturing 
Aerobacter cloacae N414-M (FERM-P No. 1779) in a conventional medium for culturing 
microbes (containing 1.5 g meat extract, 2.5 g polypeptone, 1.5 g table salt, and 500 mL distilled 
water, pH 7.2) at 30°C for 16 h. Then, a mixture of 1 g of Aspergillus sojae IAM 2669 seed yeast 
and 310 g of baked and crushed wheat were added, followed by manufacturing yeast at 28-35°C 
for 65 h. 

During the yeast formation process, the mixture was stirred at 16 h and then at 22 h after 
loading, respectively. 

Then, 1.2 L of 23% saline were added into the obtained yeast, followed by loading into a 
5 L pot and ripening for 6 months at 25-30°C. The conventional method was adopted for 
pressing/squeezing and finishing to form a thick soy sauce. 

On the other hand, as a control, soy sauce was manufactured in the same way as above, 
except that Aerobacter cloacae N414-M (FERM-P No. 1779) was not used at all. 

Analysis results for the aforementioned soy sauce samples are listed in Table 3. 
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Table 3 




Key: 1 



2 
3 
4 
5 
6 



Control 
Test 

Specific viscosity 
Total nitrogen 
Formol nitrogen 
Ammonia nitrogen 



7 Reducing sugar 

8 Alcohol 

A pplication Example 4 

430 mL of tap water were added to 330 g of degreased soybeans. Then, the soybeans 
were boiled and steamed under pressure of 1 kg/cm 2 (gauge pressure) for 45 min, and left to cool 
to 28°C. Then, 1 g of Aspergillus sojae LAM 2669 seed yeast and 310 g of baked and crushed 
wheat were added and mixed. The mixture was loaded in a yeast formation pot, followed by 
manufacturing of yeast at 28-33°C for 65 h. 

During the yeast formation process, the mixture was stirred for 16 h. At this time, 2 mL 
of a culture solution of 3 x 10 9 /mL of bacteria prepared by culturing Aerobacter cloacae 
N414-M (FERM-P No. 1779) in a conventional medium for culturing microbes (containing 1.5 g 
meat extract, 2.5 g polypeptone, 1.5 g table salt, and 500 mL distilled water, pH 7.2) at 30°C for 
16 h were added for inoculation. 

Then, 1.2 L of 23% saline were added into the obtained yeast, followed by loading into a 
5 L pot and ripening for 6 months at 25-30°C. The conventional method was adopted for 
pressing/squeezing and finishing to form a thick soy sauce. 

On the other hand, as a control, soy sauce was manufactured in the same way as above, 
except that 2 mL of liquid was added instead of Aerobacter cloacae N414-M (FERM-P 
No. 1779). 

Analysis results for the aforementioned soy sauce samples are listed in Table 4. 
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Table 4 
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Key: 1 Control 

2 Test 

3 Specific viscosity 

4 Total nitrogen 

5 Formol nitrogen 

6 Ammonia nitrogen 

7 Reducing sugar 

8 Alcohol 

Brief description of the figure 

Figure 1 is a diagram illustrating the yeast formation time (abscissa) versus specific 
viscosity (ordinate). This figure shows the state of formation of the [illegible] substance during II 
the yeast formation process. 
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A viscous shoyu was produced using a koji made by inoculating 
Aerobacter cloacae (FERM-P 1779) prodg. a high viscous 
polysaccharide together with Aspergillus. In an example, the 
microbe was inoculated to 40 g wheat bran contg. 30 ml water 
and pasteurized at 1 kg/cm2 for 60 min at 7 x 105 cells 
together with 1 x 108 cells of A. sojae TAM 2669 and cultured 
at 30 degrees C for 60 min. To 3.3 kg defatted soybean steamed 
at 1 kg/cm2 for 45 min, 10 g of the inoculum and 3 . 1 kg roasted 
and crushed wheat were added and cultivated at 28-35- degrees C 
for 65 hr. To the finished koji, 12 1. of 23% NaCl soln. were 
added and fermented at 25-30 degrees for 6 mths. The resulting 
shoyu had sp / viscosity 81.50 and total N 1.460, formol N 
0.950, NH3-N 0.216, reducing sugar 2.35, and alci 2.20%. 
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